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, as well as the presence of AT2R in the nuclear fraction of cardiomyocytes and renal cortical nuclei (Tadevosyan et al. 2010; ). However, there aren't any published data related to the nuclear localization of AngII receptors in the adipose tissue. Also, the effects of FRD on nuclear expression of AT1R and AT2R in any tissue have not been studied, yet. Since nuclear receptors regulate transcription of numerous genes controlling cell proliferation, development and metabolism (Sever and Glass 2013) , it is important to investigate the effects of FRD on nuclear angiotensin receptors expression.
The aim of this study was to determine whether 10% FRD affects adipose tissue morphology, blood pressure and expression of angiotensin receptors and their downstream molecules involved in remodeling, oxidative stress and antioxidative defense. To elucidate the comprehensive effects of FRD on AT1R and AT2R expression in adipose tissue, we determined protein level of those molecules in both, plasma membrane and nuclear fraction, as well as mRNA level.
Materials and Methods

Animals
All experiments with animals were complied with the European Communities Council Directive 2010/63/EU and were approved by the Ethical Committee for the Use of Laboratory Animals, according to the guidelines of the European Union registered by Serbian Laboratory Animal Science Association. Animals originated and were bred at animal facility of Vinca Institute of Nuclear Sciences. Male Wistar rats (21 day old) were divided into two groups -a control (CON) and fructose-rich diet group (FRD), with a total of nine animals per group housed three per cage. The control group had standard laboratory chow (commercial food; Veterinary Institute Subotica) and drinking water available ad libitum. The FRD group had standard food but water replaced with 10% fructose solution (API-PEK, Becej, Serbia) available ad libitum. This diet regime lasted for 9 weeks. Animals were kept in a temperature-controlled room (22±2°C) with a 12 h light/dark cycle (lights on at 07:00 h) and constant humidity.
D r a f t
Systolic blood pressure and heart rate measurement Systolic blood pressure and heart rate were measured in conscious rats using the indirect tail-cuff method with external preheating (Song et al. 2004 ).
Blood sample collection and determination of plasma parameters At the end of 9 weeks of dietary treatment, animals were exposed to overnight fasting and sacrificed by rapid decapitation with a guillotine (Harvard-Apparatus, USA). Trunk blood of each individual animal was collected at decapitation into tubes containing EDTA, and plasma was prepared by low-speed centrifugation (3,000 rpm for 10 min) from nine animals per group. The separated plasma was stored at -20°C until used for plasma parameter measurements. Blood triglyceride concentration was determined by MultiCare strips (Biochemical Systems International, Italia). Plasma cholesterol level was assessed spectrophotometrically using Biosystems Analyzer A25 (Biosystems SA, Barcelona). Leptin concentration was determined by Rat Leptin ELISA Kit (EZRL-83K, Millipore). Absorbance at 450 nm (reference 650 nm) was read using a plate reader (Multiskan Spectrum, Thermo Electron Corporation, Finland). The data were fitted by 4PL curve (RedaerFit Software, MiraiBio Group of Hitachi Solutions America, Ltd.) and leptin concentration is expressed in ng/ml.
Isolation of visceral adipose tissue
Visceral adipose tissue was excised immediately after animal sacrifice, washed with saline, quickly blotted with filter paper, weighted and frozen in liquid nitrogen (except those used for histological preparations) for protein and mRNA isolation. The isolated visceral adipose tissue was situated within the abdominal cavity and included the omental, retroperitoneal and perirenal depots.
Histological analysis
Visceral fat samples were fixed in 10% neutral formalin for 24 h, dehydrated in an ethanol gradient, cleared in xylene and embedded in paraffin. Tissue blocks were sectioned at 5 µm thicknesses and stained with hematoxylin and eosin. Morphometric analysis, i.e. determination of the adipocyte cell perimeter and sectional area, was carried out using a workstation comprising a microscope (Olympus, BX-51, Olympus Corp., Tokyo, Japan) equipped with a CCD video camera (PixeLINK, Ottawa, ON, Canada) connected to a PC monitor. The whole system was controlled D r a f t 6 by the newCAST software package (Visiopharm Integrator System, version 3.2.7.0, Visiopharm, Denmark). The cell perimeter and sectional area were measured in 100 adipocytes per section (three sections for one rat and five animals per group).
RNA extraction and reverse transcription
Total RNA was isolated from frozen adipose tissue using TRIzol Reagent (Ambion Inc.). The RNA was quantified spectrophotometrically by reading the optical density at 260 and 280 nm by the NanoDrop® ND-1000 spectrophotometer (Thermo Scientific). RNA was treated with DNAse I (Fermentas, Lithuania) and reverse transcription was performed from 1µg of total RNA using First Strand cDNA Synthesis kit, with oligodT18 primers, according to manufacturer's instructions (Fermentas, Lithuania) . In order to exclude genomic contamination, we performed mock reaction lacking reverse transcriptase during the cDNA synthesis step.
Real-time PCR
Real-time PCR reaction was performed in duplicate using ABI Real-time 7500 system (ABI, Foster City, CA) in a total volume of 25 µl. Pre-developed TaqMan® Gene Expression Assays Rn02758772_s1, Rn00560677_s1, Rn01749733_m1, Rn00585380_m1, Rn00690588_g1, Rn00579162_m1 (ABI, Foster City, CA) were used for detection of AT1R, AT2R, ATRAP, NOX4, MnSOD and MMP-9 gene expression. Quantitative normalization of cDNA in each sample was performed using hypoxanthine phosphoribosyltransferase 1 (HPRT1) (Rn01527840_m1) as an endogenous control, since previous study identified HPRT1 as the most stabile gene in this experimental model (Elakovic et al. 2012 ). The reaction mixture was initially denatured at 95°C for 10 min, which was followed by 40 cycles of a denaturation step at 95°C for 15s, and annealing step at 60°C for 60s. Relative quantification of gene expression was examined using the comparative 2 -∆Ct method.
Preparation of plasma membrane, nuclear and mitochondrial fraction Visceral adipose tissue from three animals was pooled in order to prepare the nuclear fraction. Frozen adipose tissue was homogenized (w/v=1:1) in ice-cold homogenization buffer (20 mM Tris-HCl, pH 7.2, 10%
glycerol, 50 mM NaCl, 1 mM EDTA-Na 2 , 1 mM EGTA-Na 2 , 2 mM DTT, protease and phosphatase inhibitors). The cell lysate was filtered through gauze and after centrifugation (2000 g, 15 min, 48C, Eppendorf centrifuge) the D r a f t 7 resulting pellet was washed twice in HEPES buffer (25 mM HEPES, pH 7.6, 10% glycerol, 50 mM NaCl, 1 mM EDTA-Na 2 , 1 mM EGTA-Na 2 , 2 mM DTT, protease and phosphatase inhibitors) followed by low-speed centrifugation (4000 g, 10 min, 4°C). The resulting pellet was resuspended in one volume of NUN buffer (25 mM HEPES, pH 7.6, 1M urea, 300 mMNaCl, 1% Nonidet P-40, protease and phosphatase inhibitors) and incubated on ice for 1 h with continuous agitation and frequent vortexing. The supernatant containing nuclear proteins was collected by centrifugation (20000 g, 10 min, 4°C). Membrane fraction was prepared as previously described (Nishiumi and Ashida, 2007) . Mitochondrial fraction was prepared by adipose tissue homogenization (w/v=1:1) in homogenization buffer (20 mM Tris-HCl, pH 7.2, 10% glycerol, 50 mM NaCl, 1 mM EDTA-Na2, 1 mM EGTANa2, 2 mM DTT, protease and phosphatase inhibitors), followed by centrifugation (2000 g, 1 min, 4°C, Eppendorf centrifuge). Obtained supernatants were re-centrifuged (10000 g, 20 min, 4°C, Eppendorf centrifuge) and resulting pellet, which represented mitochondrial fraction, was washed twice in homogenization buffer, centrifuged (16000 g, 20 min, 4°C, Eppendorf centrifuge) and resuspended in lysis buffer (homogenization buffer with 0.05% Triton X-100). All samples were stored at −70°C. Protein content was determined according to previously described method using bovine serum albumin as a reference (Spector 1978).
Western blotting
The samples were boiled in equal volumes of 2x Laemmli's buffer for 5 min, and 50 µg of proteins were separated by electrophoresis on 10% sodium dodecyl sulfate-polyacrylamide gel along with molecular mass references (10-170 kDa, Fermentas). Separated proteins were transferred onto polyvinylidene difluoride membrane (PVDF, mmobilon-FL, Millipore) using a blot system (Transblot, BioRad). Membranes were blocked with 2%
nonfat dry milk for 1 h at room temperature and after extensive washing (PBS containing 0·1% Tween 
Statistical analysis
The data are presented as means±S.E.M. We compared means between the control (n=9) and fructose fed rats (n=9) by Student's unpaired t test. A values of p<0.05 were considered to be statistically significant.
Results
As shown in Table 1 , body mass of fructose fed rats was not significantly different from control rats after 9-week fructose diet. Also, visceral adipose tissue mass, as well as its relative ratio to total body mass remained unaffected by FRD. Taking into account that we did not observe changes in visceral adipose tissue mass after a fructose diet, it was of interest to analyze whether there is change in adipocyte histology. However, histological and morphometric analysis showed that the adipocytes of control and fructose-fed rats were of similar size and shape ( Fig. 1A) and that FRD did not affect neither adipocyte perimeter, nor sectional area in comparison with control animals (Fig. 1B, C) .
Triglycerides and leptin level of control and fructose-fed male rats are presented in Results showed that FRD did not cause changes in mRNA levels of both AT1R gene and AT2R ( Fig. 2A and 2B). We have also measured mRNA level for ATRAP, MMP-9 and NOX4, (Fig. 2C-E) . Results showed that FRD elevated mRNA level for ATRAP. FRD did not change the level of transcription of other genes. As shown in the Fig.3 , fructose rich diet significantly decreased MnSOD mRNA (Fig. 3A) as well as protein (Fig. 3B) level.
In order to determine whether AngII receptors are expressed in the adipose tissue of male rats we probed immunoblots of isolated nuclear fraction with an antibody against the AT1R and AT2R. These revealed a single 43kDa ( Fig. 4A ) and 44kDa ( Fig. 4B ) bands, respectively, for AT1R and AT2R. In order to exclude any possibility of contamination by plasma membrane receptors we used Na + /K + -ATPase α subunit, a plasma membrane cellular marker to confirm the purity of nuclear fraction. The nuclear fraction of adipose tissue showed no signal for this molecule, which indicated the absence of any contamination by plasma membrane receptors (Fig. 4C ).
Fructose rich diet decreased AT1R an AT2R protein content in adipose tissue nuclear fraction of male rats
As assessed by Western blot, FRD in male rats significantly decreased both AT1R protein and AT2R protein content in nuclear fraction of adipose tissue (CON vs. FRD, p<0.05) (Fig. 5A and Fig. 5B, respectively) . Immunoblots of isolated plasma membrane fraction shown that FRD increased AT1R protein content (Fig. 5C ), while decreased AT2R protein content (Fig. 5D ).
Discussion
The current study provides evidence for nuclear localization of both AT1R and AT2R in the rat visceral adipose tissue, as well as a novel insight into the effects of dietary fructose on adipose tissue RAS. The long-term 10% fructose diet decreased the protein level of nuclear AT1R and AT2R in the visceral adipose tissue. In the plasma membrane fraction, this diet regime increased AT1R and decreased AT2R protein content. Also, FRD increased mRNA level of ATRAP and decreased mRNA and protein levels of MnSOD in visceral adipose tissue.
These findings coincided with elevated plasma triglycerides and leptin level, as well as with elevated systolic blood pressure.
D r a f t
Fructose consumption was generally linked to obesity, but some animal studies did not find such effect (Prabhakar et al, 2016; Reiser et al. 1997) , such as in our study. Previously, we have documented that FRD increased liquid and decreased food intake, which resulted in increased caloric intake in the same model system (Velickovic et al. 2013) . In current study, we observed elevated plasma triglyceride levels and elevated systolic blood pressure after FRD, which goes in line with the findings of other authors showing that fructose leads to dyslipidemia and hypertension in rats (Nandhini and Anuradha 2004; Reddy et al. 2009; Rodriguez-Calvo et al. 2009 ). Plasma cholesterol level was not changed due to fructose feeding, which is in agreement with the results of other studies (Lozano et al. 2016; Downing et al. 2015) .
Total body mass of fructose-fed rats were not changed, as well as the mass of visceral adipose tissue and their relative ratio. Histological examination of visceral fat confirmed that FRD did not affect either perimeter or sectional area of visceral adipocytes, so the lack of fructose effect on the size of visceral fat was paralleled with unchanged adipocytes morphology. Unlike our study, previous studies reported presence of the larger adipocyte in the abdominal white adipose tissue of rats fed an FRD compared to controls (Crescenzo et al. 2014; Alzamendi et al. 2012 ). However, in both of these studies, experimental model were adult rats, and in the study of Crescenzo et al.
rats were drinking 30% fructose solution. It is known that MMP-9 expression and activity are negatively correlated with adipocyte size and fat weight (Miksztowicz et al. 2014; Maquoi et al. 2002) . The lack of 10% FRD induced changes in adipocyte morphology is in line with unchanged MMP-9 mRNA level in adipose tissue in the current study.
Previous studies have demonstrated the existence of AT1R and AT2R, on both protein and mRNA levels, in adipose tissue (Engeli et al. 1999; Schling et al. 1999; Crandall et al. 1994; Crandall et al. 1999 ). In addition, the ). To the best of our knowledge, our study is the first to demonstrate nuclear localization of AT1R and AT2R in adipose tissue. The functional role of these nuclear AngII receptors is poorly understood and was previously related to ROS stimulation in the rat renal cortex for AT1R ), while nuclear AT2R was functionally linked to NO production in the ovine kidney (Gwathmey et al. 2011a ). Also, stimulation of nuclear AT1R with AngII induces in vitro transcription of D r a f t transforming growth factor beta-1 (TGF-β1), angiotensinogen, monocyte chemoattractant protein-1 (MCP-1), and the Na+/H+ exchanger in rat renal cortical nuclei (Li and Zhuo 2008) . Nuclear AT1R and AT2R mediate de novo RNA synthesis in cardiomyocytes, thus affecting the abundance of rRNA and nuclear factor kappa B (NF-kB) mRNA (Tadevosyan et al. 2010 ).
Numerous studies have already shown that fructose rich diet increases AngII level in the plasma (Giani et al. 2010; Zhou et al. 2012; Tran et al. 2014; Kobayashi et al. 1993; Farah et al. 2006; Fukui et al. 2008; Tran et al. 2009 ). It was shown in earlier studies that AngII induces nuclear sequestration of AT1 receptor from the plasma membrane, in brain neurons and vascular smooth muscle cells (Lu et al. 1998; Bkaily et al. 2003 ). However, a novel finding suggested that nuclear localization of angiotensin receptors was not a result of a post-endocytotic trafficking (Gwathmey et al. 2011b) . In this study, for the first time we have shown that FRD decreased nuclear AT1R and AT2R protein level in adipose tissue. Decreased nuclear AT1R in adipose tissue and elevated systolic blood pressure after FRD were in accordance with the previous study that showed downregulation of renal nuclear AT1R in hypertensive mRen2 Lewis rats. The authors proposed that downregulation of nuclear AT1R may reflect a compensatory response of the renal tissue to dampen the elevated levels of intrarenal AngII (Pendergrass et al. 2006 ). This suggests possible contribution, if any, of adipose nuclear AngII receptors in the regulation of blood pressure.
Our finding of increased AT1R protein level in the plasma membrane fraction of adipose tissue in fructose fed rats is consistent with a previous study investigating the effect of 47% fructose diet (Magliano et al. 2015) . The current study is the first to show that FRD downregulate AT2R protein content in the plasma membrane of adipose tissue. Changes in protein levels for AT1R and AT2R were not followed by changes in mRNA levels. (Maeda et al. 2013 ). On the contrary, another study demonstrated that 66% fructose diet significantly increased AT1R mRNA level in adipose tissue, and this was associated with the pathophysiology of metabolic syndrome and hemodynamic abnormalities in rats (Giacchetti et al. 2000) .
In addition to increased AT1R level in the plasma membrane of fructose-fed rats, and decreased AT1R level in the nuclear membrane, we also found an increased mRNA level for ATRAP in adipose tissue. It is known that ATRAP inhibits downstream signaling of AT1R (Tamura et al. 2013 ) and its enhancement in adipose tissue suppresses the overactivation of adipose AT1R signaling (Azushima et al. 2017) . ATRAP deficient mice under high fat diet have shown an increased accumulation of pad fat, hypertension, dyslipidemia, and adipose tissue inflammation (Maeda et al. 2013) . Further, ATRAP deficiency contributes to adipocyte hypertrophy in high-fat diet (Maeda et al. 2013) , while adipose-specific ATRAP enhancement prevents adipocyte hypertrophy as well as visceral obesity induced by high-fat diet thus, promoting adipose tissue ATRAP as a possible effective therapeutic target for the treatment of visceral obesity (Azushima et al. 2017) . So, detected upregulation of ATRAP by FRD in the current study could explain the absence of weight gain and unchanged perimeter and sectional area of visceral adipocytes in our experimental model. Similarly, prevented visceral obesity (Bursac et al. 2013 ) and suppression of adipose inflammation was observed, trough attenuated NF-kB activation, in adipose tissue of FRD animals (Velickovic et al. 2013 ). This is in line with observed downregulation of AT1R in nuclear membrane in our study and with previous findings that nuclear AT1R positively regulates mRNA NF-kB expression in cardiomyocytes (Tadevosyan et al. 2010 ). We can speculate that FRD induces processes that lead to upregulation of ATRAP transcription in visceral adipose tissue, in order to attenuate FRD-induced upregulation of plasma membrane AT1R and transfer to the nuclear membrane and further unfavorable effects. Nevertheless, it should be further investigated. Moreover, the beneficial effects of irbesartan on blood pressure, body weight and leptin/IL-6 axis in obese diabetic KKAy mice were mediated by upregulation of ATRAP/AT1R ratio in adipose tissue (Maeda et al. 2014 ).
The observation of increased systolic blood pressure in fructose-fed rats could be also explained by the fact that AngII trough AT1R activation stimulates the production of leptin (Skurk et al. 2005) . Chronic hyperleptinemia promoted vasoconstriction and augmented blood pressure by increasing sympathetic nervous system activity (Dunbar et al. 1997; Shek et al. 1998) , and by promoting ROS generation, which contribute to hypertension D r a f t (Quehenberger et al. 2002 ). In the current study, besides increased AT1R level in the plasma membrane fraction of adipose tissue, we also detected elevated leptin concentration in fructose-fed animals.
Increased NOX4 expression in adipose tissue has been linked to oxidative stress and insulin resistance (Furukawa et al. 2004) , while its decreased expression presented the hallmark of adipocyte differentiation (Mouche et al. 2007 ). NOX4 represents the major NOX isoform in differentiated 3T3-L1 adipocytes and its silencing decreases ROS generation stimulated by excess glucose and palmitate (Han et al. 2012) . AngII trough AT1R
activates NOX4 (Fazeli et al. 2012) . Previous study implicated an overlap between nuclear AT1R and NADPH oxidase izozyme NOX4, and demonstrated that nuclear AngII/AT1R signaling pathway is involved in the rapid generation of ROS ). The results of our study showed that FRD did not alter mRNA level for NOX4. Previously, NOX4 was investigated only in epididymal adipose tissue, where increased NOX4 mRNA and protein level were detected after 8 weeks of FRD (10% v/w) (Bettaieb et al. 2014) . The main differences between the current study and previous one are different adipose depots, duration of the diet regimen and the animal age at the beginning of the treatment, which could partially explain the difference in the results. We can speculate that ATRAP expression, which is elevated after 9 weeks of 10% FRD, represents a protective mechanism against excessive AT1R activity and contributes to the detected unchanged level of NOX4 mRNA. Although increased activity of NOX4 was previously associated with elevated mRNA level for NOX4 (Cucoranu et al. 2005; Geiszt et al. 2000) , it would be interesting to investigate whether FRD affects NOX4 protein level in omental, retroperitoneal and perirenal adipose tissue for the future perspective.
The current study has shown that FRD decreased MnSOD gene expression on both, mRNA and protein level in adipose tissue. It is known that obesity reduces mitochondrial gene expression (Koh et al. 2007) . Although decreased mitochondrial activity may lead to inflammation and insulin resistance (Rong et al. 2007; Mootha et al. 2003) , some novel findings suggest it could be protective against obesity and insulin resistance (Hoeks et al. 2010; Pospisilik et al. 2007; Quintens et al. 2013 ). The MnSOD expression was previously investigated only in the adipose tissue of obese rats subjected to high-fat diet. The increased MnSOD expression in visceral adipose tissue was explained as a potential protective mechanism against excessive ROS formation ( Krautbauer et al. 2014) . The recent study shown that AT1R blockade increased expression of antioxidant enzymes, including MnSOD (Kim et al. 2015) while herein, we have shown an elevated AT1R level in plasma membrane and decrease in MnSOD expression.
Since MnSOD represents the main mitochondrial enzyme involved in the defense against superoxide radical anions D r a f t 14 (Longo et al. 1999) , we can suggest that FRD decreases the antioxidative capacity in adipose tissue.
In conclusion, the current study provides evidence for the existence of adipose intracellular RAS and a novel insight into different effects of dietary fructose on nuclear and plasma membrane angiotensin receptors in adipose tissue. We have shown that elevated blood pressure and decreased antioxidative capacity in visceral fat of fructose fed rats were accompanied by an increased AT1R level in plasma membrane while upregulation of ATRAP and decrease of nuclear membrane AT1R suggest an increase in capacity for attenuation of excessive AT1R
signaling and visceral adiposity.
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Fig. 2.
Fructose rich diet did not affect mRNA levels of AT1R ( Fig. 2A) , AT2R ( fig.2B ), ATRAP (Fig.2C) , MMP-9 ( Effect of fructose rich diet on angiotensin receptor levels in nucleus and plasma membrane. Fructose rich diet decreased both AT1R (Fig. 5A ) and AT2R (Fig. 5B ) protein expression in the nuclear fraction of adipose tissue. In plasma membrane fraction, fructose rich diet increased AT1R (Fig. 5C) and decreased AT2R protein level (Fig. 5D ).
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